Aim of the study: To analyse the incidence of appendiceal neuroendocrine neoplasms in appendectomy specimens and establish the epidemiological and histopathological features, treatment, and clinical course. Material and methods: Between 2004 and 2013, 975 patients who underwent appendectomy in Ankara Oncology Education and Research Hospital were retrospectively analysed. Results: Neuroendocrine neoplasm was detected in the nine of 975 (0.9%) patients. Neuroendocrine neoplasms were diagnosed in eight patients by appendectomy, which was performed because of the prediagnosis of acute appendicitis, and in one patient by the suspicious mass detection during surgical procedures that were done in the appendix for a different reason. Eight of the patients' tumours were in the tip of the appendix, and one of the patients' tumours was at the base of appendix. Tumour size in 77.8% of patients was equal or less than 1 cm, in 22.2% patients it was 1-2 cm. There was tumour invasion in the muscularis propria layer in four patients, in the serosa layer in three patients, and in the deep mesoappendix in two patients. Patients were followed for a median of 78 months. In the follow-up of patients who were operated because of colon cancer, metachronous colon tumour evolved. This patient died due to progressive disease. Other patients are still disease-free. Conclusions: The diagnosis of neuroendocrine neoplasm is often incidentally done after appendectomy. Tumour size is important in determining the extent of disease and in the selection of the surgical method during operation.
Introduction
Appendix tumours are relatively rare cancers. In the examination of specimens after appendectomy, appendix cancer is observed with 1% incidence [1] . According to the National Cancer Institute, using the Surveillance, Epidemiology, and End Results (SEER) data, appendix cancer accounts for 0.4% of all gastrointestinal tumours [2] . Well-differentiated neuroendocrine tumours, traditionally referred to as carcinoid tumours, are the most frequently observed kind [1] . Other cancers of the appendix are mucinous cystic adenocarcinoma, adenocarcinoma, goblet cell carcinoma, lymphoma, and paraganglioma. Generally, in the histopathological examination that is done after appendectomy performed due to acute appendicitis, carcinoid tumours are detected incidentally with a frequency of 0.3-0.9% [3, 4] .
In many studies, in appendiceal neuroendocrine neoplasms (NEN) smaller than 1 cm, with invasion up to the subserosa or mesoappendiceal invasion up to 3 mm, and clear surgical margins, no further risk of recurrence is posed after appendectomy and it is considered that there is no risk of metastases [5, 6] . The intermediate-size group of appendiceal NEN > 1 cm but < 2 cm is the group with a less clear situation. However, metastases also seem to occur very rarely in this subgroup, which comprises 5-25% of all appendiceal NEN, their occurrence has been described in up to 10% in some series although the largest by Moertel et al. [6] did not report any metastases in this subgroup. Right hemicolectomy is justified only in those rare tumours 1-2 cm in size but with positive or unclear margins or with deep mesoappendiceal invasion, higher proliferation rate (G2) and/or angioinvasion [5] . However, in tumours larger than 2 cm, the risk of metastasis increases to 25-40% [7, 8] . Tumours with a diameter > 2 cm should be treated by right hemicolectomy.
In this study, the incidence of neuroendocrine neoplasm of the appendix, the epidemiological and histopathological features, the treatment that was used, and the clinical course were evaluated retrospectively.
Material and methods
In total, 975 patients who were operated in Ankara Oncology Education and Research Hospital between 2004 and 2013 with the diagnosis of acute appendicitis or who were operated for another reason but had incidental detection of a suspicious mass in the appendix and who underwent appendectomy were enrolled in this study. Among these patients, the record of the nine patients whose histopathological examination results showed appendiceal neuroendocrine neoplasm (according to the European Neuroendocrine Tumour Society (ENETS) guidelines 2012) [5] were examined retrospectively. Patients' demographic characteristics, pathological characteristics (tumour size, localisation, invasion depth, and immunohistochemical staining characteristics), treatment, and time of following-up were analysed. Study data were evaluated by using descriptive statistical methods (frequency, median).
Results
In 0.9% of patients who underwent appendectomy, neuroendocrine neoplasm was detected. The main referral cause of patients to the hospital was abdominal pain, nausea, and vomiting. Symptoms of heat intolerance, sweating, palpitations, and flushing were not detected. In a patient with left colon tumour, abdominal tomography imaging was performed preoperatively. In this patient, no lesion was detected in the appendix localisation with imaging. Neuroendocrine neoplasms were diagnosed in eight patients incidentally by appendectomy performed due to the prediagnosis of acute appendicitis, and in one patient by the examination of the appendectomy specimen that was taken because of the mass detection in the appendix during the surgery of the left colon tumour.
Patient demographics and pathological characteristics are shown in Table 1 . The median age at diagnosis was 32 years (range, 12-57 years) and the median tumour size was 0.6 cm (range, 0.2-1.5 cm). In all of the seven patients with tumour size equal to or smaller than 1 cm, the tumour showed the distal localisation, in one of the two patients with 1-2-cm tumour size, the tumour was in the proximal appendix, and in the other it was in distal appendix. When the relationship between tumour size and the depth of invasion of tumour considered in four of seven tumours was equal to or smaller than 1cm, muscularis propria invasion was detected, in two patients there was serosa invasion, and in one patient there was deep mesoappendix invasion. Serosa invasion was detected in one of the two patients with 1-2 cm tumour size, and deep mesoappendix invasion in the other. Right hemicolectomy was applied to two patients because of extensive mesoappendix invasion. During left hemicolectomy because of left colon tumour in one patient, right hemicolectomy was also applied for a suspicious appendix tumour. There was no lymph node involvement or residual tumour of the colon in the specimens of these three patients. Adjuvant chemotherapy was given to colon cancer patients, and the other patients were just followed. Patients were followed for a median of 78 months (range 6-102 months). In the patient operated for colon tumour, metachronous colon tumour developed later. This patient died due to progressive disease. The other patients are still alive and disease free.
Discussion
Gastrointestinal neuroendocrine tumours (traditionally referred to as carcinoid tumours) are seen most commonly in the small intestine with the frequency of 44.7%, and less frequently in the rectum (19.6%), appendix (16.7%), colon (10.6%), and stomach (7.2%) [9] . Appendiceal neuroendocrine neoplasms are diagnosed slightly more often in female than in male patients, at an average age of 40-50 years [5, 10, 11] . In our series, median age was 34 years and the tumours were detected at a similar rate in both sexes and were seen with a frequency of 0.9%.
In general, appendiceal NEN are asymptomatic tumours seen in the preoperative period. In a study by Robertson et al. the time between the formation of tumours and the beginning of symptoms was about nine years [12] . Most of the time, acute appendicitis findings developing due to increased intraluminal pressure induced by the tumour clogging appendiceal lumen is the first and unique symptom [13] . Carcinoid syndrome usually develops after liver metastases occur, and it is seen in 10% of all carcinoid tumours. Major findings are flushing, diarrhoea, skin manifestations (e.g. pellagra), bronchospasm, and progressive congestive heart failure [12] . Generally, since tumour size is small, the sensitivity of the imaging methods is not high. In our study group, except for the patient operated because of colon tumour, in all patients the cause of hospital referral was findings suggestive of acute appendicitis. Carcinoid syndrome was not seen in any patients. Only in one patient, abdominal tomography was performed preoperatively because of colon tumour without revealing a mass lesion in the appendix, and in this patient a mass was suspected during the surgery.
Appendiceal NEN are located most commonly at the tip of the appendix -75% of cases, at the base of the appendix in 5%, and in the mid-section in 20% [14] . In the literature, reported mean tumour size is 6 mm (range; 0.4-14 mm) [5, 14] . In eight patients, the tumour was at the tip of the appendix, and in one patient it was in the base of the appendix; the median tumour size was 6 mm in this study.
Size of the appendiceal NEN, localisation within the appendix, and the extent of invasion into the mesoappen- dix are essential criteria for the therapeutic and follow-up stratification of appendiceal NEN, which are usually well differentiated (G1/2). While infiltration of the appendiceal serosa does not per se seem to be associated with poorer outcome, invasion into the mesoappendix shows a higher rate of lymphatic invasion than in cases without. The depth of invasion beyond 3 mm has been suggested as reflecting the aggressiveness of the disease [15] . Additional criteria such as a Ki67 index of 3% or higher (NET-G2) or angioinvasion have been suggested as aiding with decision-making [5] . Since diagnosis is often incidentally made after appendectomy, according to the characteristics of the tumour determined by pathology reports, sometimes second surgery may be required. In a series of 28 patients, all patient with NEN were treated with right hemicolectomy. According to tumour size (≤ 1 cm, 1-2 cm, and > 2 cm) in specimens, residual disease detection rates were 3.5%, 18.0%, and 25.0%, respectively. If in these patients the operation decision was taken according only to Ki-67 index, vascular invasion and extensive mesoappendiceal invasion without taking account tumour size, residual disease would be missed in 18% of appendiceal NEN patients [16] . In our series, right hemicolectomy was applied due to mesoappendix invasion detected in two patients, but residual malignancy was not found in the removed specimens in any of the patients. The prognosis for the majority of appendiceal NEN is excellent, and the five-year survival of patients is more than 90%. However, the whole cohort including all tumour stages does not show such a favourable prognosis, with the five-year survival rate ranging between 70 and 85% [17] . In cases with deep mesoappendiceal infiltration or angioinvasion, imaging as outlined above may be performed to rule out any residual disease. All other patients with larger tumours, metastases, or additional risk factors (R1 resection, tumour size > 2 cm), should be followed initially after 6 and 12 months postoperatively and then annually. Patients should be monitored by physical examination, 5-HIAA and chromogranin-A levels. Due to the possibility of synchronous or metachronous colorectal carcinoma development at more than 33%, screening with colonoscopy should be recommended to patients [3, 4, 18] . In our series, one patient developed metachronous colon tumour.
The rate of the distant metastases in all of carcinoid tumours is 4%, and the most common sites of metastasis are the regional lymph nodes and liver [7] . Primary treatment of liver metastases is resection or liver metastasectomy. However, in a Mayo Clinic study, if removal of 90% of the metastasis is possible, palliative debulking surgery is recommended [19] . In irresectable metastasis, hepatic artery ligation or embolization, percutaneous alcohol injection and high-energy radiofrequency ablation treatments can be applied. If there is irresectable metastasis, medical treatment (octreotide, interferon-alpha, anticancer agents such as capacitabine, dacarbazine, 5-FU, oxaliplatin, and temozolamide, bevacizumab targeting VEGF, and everolimus targeting mTOR) and radionuclide therapy should be planned in order to reduce the symptoms [20] [21] [22] [23] . In our series of patients, since carcinoid syndrome or metastasis was not detected, additional treatment was not applied to any of the patients.
As a result, since preoperative diagnostic methods are inadequate, neuroendocrine neoplasms of the appendix are often diagnosed by pathological examination. In this disease, which has good long-term prognosis, if tumour size is smaller than 2 cm and there is no adverse prognostic factor, appendectomy is sufficient in the treatment. If tumour size is greater than 2 cm and there is tumour invasion beneath the serosa of the appendix or positive or unclear margins or with deep mesoappendiceal invasion, the presence of higher proliferation rate (G2), and/or angioinvasion after appendectomy, right hemicolectomy should be applied. Patients should be monitored periodically for recurrence and synchronous and/or metachronous colorectal cancer development.
